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Development of MERIS lake water algorithms: validation results
from Europe
Abstract
The objective of the ESA funded project “Development of MERIS Lake Water Algorithms” (January
2007 - June 2008) was to develop and validate a plug-in module for the BEAM toolbox that allows the
retrieval of water quality parameters in lake waters from MERIS imagery. For this purpose, new
algorithms were developed, based on the optical properties of lakes andatmospheric aerosols from
different areas of Europe.The validation campaigns were carried out in eleven lakes in Finland,
Germany and Spain. A summary of the main validation results is presented.
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ABSTRACT 
 
The objective of the ESA funded project “Development 
of MERIS Lake Water Algorithms” (January 2007 – 
June 2008) was to develop and validate a plug-in 
module for the BEAM toolbox that allows the retrieval 
of water quality parameters in lake waters from MERIS 
imagery. For this purpose, new algorithms were 
developed, based on the optical properties of lakes and 
atmospheric aerosols from different areas of Europe. 
  
The validation campaigns were carried out in eleven 
lakes in Finland, Germany and Spain. A summary of the 
main validation results is presented. 
 
 
1. INTRODUCTION 
 
The product of the ESA funded project “Development 
of MERIS Lake Water Algorithms” (MERIS LAKES) is 
a BEAM plug-in module (included in the BEAM 
version 4.2, July 2008) that comprises three processors 
for the retrieval of water quality variables in lakes. The 
processors are based on the architecture of the Case 2 
Regional processor (C2R), but use different datasets of 
lake’s Inherent Optical Properties (IOPs). They have a 
common module for the atmospheric correction, which 
yields water leaving reflectances, and three specific bio-
optical models, that use these reflectances as inputs. 
 
The main variables generated by the processors are: 
 
 Water leaving reflectances of MERIS bands 1-
10, 12 and 13. 
 Values of water quality constituents: 
chlorophyll a (chl-a), total suspended matter 
(TSM), and gelbstoff absorption coefficient at 
443 nm (a_gelb). 
 Absorption coefficient for phytoplankton 
(a_pig) at 443 nm and scattering coefficient for 
TSM (b_tsm) at 443 nm. 
 
The ATBDs with the detailed description of the 
atmospheric correction method [1] and the bio-optical 
models developed for the three processors [2], as well as 
the Processor Help files, can be found in the MERIS 
LAKES project Wiki (http://www.brockmann-
consult.de/beam-wiki/display/LAKES/Home). A brief 
description of the processors is given below. 
 
The processors were applied to MERIS imagery and 
validated with in situ data obtained in field campaigns 
carried out in 2007 in Finland (4 lakes and 12 match-up 
points), Germany (Lake Constance, 12 match-up’s) and 
Spain (5 lakes and 8 match-up’s). 
 
Only a summary of the main validation results is shown 
in this presentation. For a detailed description of the 
validation campaigns and its results, the Validation 
Report and Validation Protocols documents can be 
downloaded from the MERIS LAKES project Wiki. 
 
 
2. ATMOSPHERIC CORRECTION 
 
The atmospheric correction procedure is based on 
radiative transfer simulations. The simulated radiance 
reflectances are used to train a neural network, which, in 
turn, is used for the parameterization of the relationship 
between the top of atmosphere radiance reflectances 
(R_Ltoa) and the water leaving radiance reflectances 
(R_Lw). The algorithm uses as inputs the R_Ltoa 
(transformed to standard atmosphere) of 12 visible and 
infrared MERIS bands. This prevents the occurrence of 
negative water leaving reflectances in the visible bands, 
a problem that was frequent in previous versions of the 
processor, in which the atmospheric parameters were 
obtained from the infrared bands and then extrapolated. 
 
 
2.1. Correction of the adjacency effect 
 
The land areas that surround a lake have typically 
higher reflectance than water, especially in the infrared. 
Some of the photons reflected by this land surfaces are 
scattered in the atmosphere and reach the satellite sensor 
when is acquiring data over water pixels. This is called 
adjacency effect and affects the results of atmospheric 
correction methods, causing an overestimation of the 
atmospheric radiance and a subsequent underestimation 
of the water leaving radiance. 
 
The “Improved Contrast between Ocean and Land” 
(ICOL) processor [3], developed for coastal areas, 
addresses the correction of the adjacency effect. Its 
performance in inland waters was tested in the MERIS 
LAKES project. ICOL was used as a pre-processing 
step and the results of the atmospheric correction with 
and without the previous application of ICOL were 
compared. 
 
 
3. BIO-OPTICAL MODELS 
 
The bio-optical models use as inputs the R_Lw of 
MERIS bands 1-8 (outcome of the atmospheric 
correction procedure) and by means of a set of neural 
networks, transforms those reflectances in a minimum 
of three optical components, all at MERIS band 2 (443 
nm): 
 
 Absorption of phytoplankton pigments, a_pig 
 Scattering of all particles (total suspended 
matter, TSM) b_tsm 
 Absorption of dissolved organic material 
a_gelb 
 
The chlorophyll-a concentration (Chl-a) is then 
determined from its relationship between absorption 
(a_pig) and concentration, and the dry weight of the 
total suspended matter (TSM) from its relationship with 
b_tsm. 
 
Two new networks have been developed in the MERIS 
LAKES project, based on specific inherent optical 
properties (SIOPs) measured in Finland and Spain and 
corresponding to two lake types: 
 
1. Boreal lakes (lakes typical in boreal forest region). In 
these lakes the absorption by gelbstoff can be high. Most 
of the lakes are oligotrophic, but meso- and eutrophic 
lakes exist as well. 
 
2. Eutrophic lakes. In these lakes the optical properties 
are dominated by phytoplankton. Chl-a concentrations 
can be high. 
 
 
4. VALIDATION OF THE PROCESSORS 
 
The validation campaigns were carried out in the period 
April – August 2007 in 10 lakes in Finland, Germany 
and Spain. 
 
The validation lakes in Finland included two 
mesotrophic lakes, a large oligotrophic lake and a humic 
lake (high CDOM with low TSM and Chl-a 
concentrations). In Spain, the validation sites included 
four reservoirs, two of them oligo- mesotrophic and two 
eutrophic, and a hypereutrophic coastal lake (with Chl-a 
concentrations higher than 300 μg/l). In Germany the 
validation site was the mesotrophic Lake Constance. 
 
The main variables measured in the field campaigns 
were: 
 
 Water leaving reflectances, measured with 
portable spectroradiometers 
 Atmospheric aerosol optical thickness (AOT), 
ozone and water vapour column (in situ sun 
photometer measurements only in Spain) 
 Water quality constituents (Chl_a, a_gelb, and 
TSM) using laboratory measurements. 
 Absorption and scattering coefficients a, b, and 
bb using in situ and laboratory measurements 
 
The MERIS images acquired over the Finnish and the 
Spanish validation sites were processed with the Boreal 
Lakes (BL) and the Eutrophic Lakes (EUL) processors, 
respectively. Lake Constance images were processed 
with the standard C2R processor, since its SIOPs and 
water constituent’s concentrations were in the ranges 
covered by this processor. The effect of ICOL 
correction was also analysed in all the processor 
products. 
 
In order to evaluate the overall performance of the three 
processors in a wide range of lake types, they were 
applied to all images and then validated with a merged 
dataset including the Finnish, German and Spanish 
validation sites. 
 
 
4. VALIDATION RESULTS AND DISCUSSION 
 
The complete validation results can be found at the 
Validation Report, available at the Project Wiki 
(http://www.brockmann-consult.de/beam-
wiki/display/LAKES/Home). A summary of the main 
results is shown below. 
 
 
4.1. Atmospheric correction 
 
The performance of the processor was better in the 
green and red spectral bands of MERIS, with relative 
errors in the range of 10% to 30% with respect to the in 
situ measurements, in most cases. Some illustrative 
examples on the reflectances comparison can be found 
in Fig.1 and Fig. 2. In the blue bands, the errors were 
higher, especially in the clearer lakes (Fig.1, Fig. 2a), 
and there were more evident differences in the spectral 
shape. 
 
In the eutrophic lakes (Fig. 2b) the higher errors were 
found in the main region of pigment absorption. The 
phytoplankton of these lakes was dominated by 
Cyanobacteria, while the SIOPs of Cyanobacteria were 
not used for training the processor’s neural networks. 
This can explain the observed differences, since the 
atmospheric correction is not decoupled from the lakes 
optical properties. The hypereutrophic lakes, with very 
high reflectance in the infrared bands, are out of the 
scope of the processor. In these cases the processor 
yielded unrealistic estimations of water leaving 
reflectance (Fig. 2c). 
 
The effect of ICOL on the performance of the 
atmospheric correction was most evident in dark lakes 
surrounded by dense forests. An example is shown in 
Fig. 2d. After ICOL pre-processing, both the spectral 
shape and the absolute values of reflectance are closer 
to those measured in situ. However, the ICOL 
application tended to produce reflectance 
overestimations, especially in the blue bands. 
 
In the rest of the studied lakes, ICOL has a positive 
effect in the spectral shape in most cases, while its 
effect in the absolute value of reflectance is weaker. 
Some illustrative examples are shown in Fig. 1. 
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Figure 1. Reflectance spectra measured at two stations 
in Lake Constance. The in situ data show the above 
water measurements made with a portable 
spectroradiometer (RAMSES). C2R processor was used 
for atmospheric correction 
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Figure 2. Reflectance spectra measured at four different lakes in Spain. The in situ data show the above water 
measurements made with a portable spectroradiometer (ASD-FR). Each spectrum is the average of five sampling points 
measured in an area of 500x500 m on the water surface. The spectra from the atmospherically corrected images are 9 
pixel averages.  EUL processor was used for atmospheric correction. 
 
The retrieval of aerosol optical properties by the 
processors was evaluated at the Spanish sites, where in 
situ sun photometer measurements (CIMEL 318NE) 
were available. The values obtained for the Aerosol 
Optical Thickness (AOT, Fig. 3) and the ngström 
coefficient (Fig. 4) were realistic and in the same ranges 
than those observed in situ. 
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Figure 3. Validation of AOT at 550 nm (tau_550). 
RMSE is 0.05 for both EUL and ICOL+EUL processed 
images 
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Figure 4. Validation of the ngström coefficient for the 
interval 443-865 nm (ang_443_865). RMSE is 0.57 for 
EUL and 0.33 for ICOL+EUL processed images. 
 
 
 
 
4.2. Water Quality Constituents 
 
The three processors yielded realistic results for the low 
concentration ranges of TSM and Chl-a, but failed in 
the more eutrophic and turbid lakes. The explanation 
could be again the lack of enough SIOP data from this 
type of lakes in the training of the neural networks. In 
the results shown below, the data from the three highly 
eutrophic and Cyanobacteria-dominated Spanish lakes 
has been removed, in order to facilitate the 
interpretation of results for the low concentration 
ranges. 
  
The comparison of MERIS and in situ TSM 
measurements showed a linear response in the three 
processors (Fig. 5a), but with marked overestimations in 
the C2R and EUL. The best results (closer to the 1:1 
line) were obtained with the BL processor. In all cases, 
the predictions did not show significant differences 
between lake types. An example of a thematic map of 
TSM is shown in Fig. 6. 
 
For Chl-a, the scatter of the data was higher and the 
regression lines for the whole dataset indicate an overall 
overestimation. However, in this case, differences in the 
predictions between lake types were evident in the 
scatter plots (Fig. 5b). In this case, EUL processor 
produced the best results in the whole dataset. The fit of 
the predicted Chl-a was better for the C2R when applied 
only in lake Constance data, and for EUL in the Spanish 
and Finnish sites (see Validation Report for details). 
 
 
4.3. Other products 
 
For the rest of the processor outputs, only a brief 
summary of the results is presented here. The detailed 
results can be found in the validation report. 
 
The total absorption coefficient at MERIS band 2 was 
relatively well estimated by the processors in most cases 
(regression slope close to 1), but not its partition into the 
different absorption components (a_pig, a_gelb and, in 
the case of EUL, a_btsm). None of the processors was 
able to retrieve realistic values of gelbstoff (CDOM) 
absorption. 
 
The minimum attenuation coefficient (k_min) and the 
signal depth (Z90_max) obtained by the EUL processor, 
were validated in the Spanish dataset. The MERIS 
values are overestimated, but they show a strong 
correlation with in situ data. 
 
 
 
Figure 5. Validation of water constituents for images pre-processed with ICOL. GER=Lake Constance; FIN=Finland; 
SPA=Spain. a) TSM: RMSE is 1.93 for C2R, 3.08 for EUL and 0.93 for BL, respectively. b) Chl-a: RMSE is 4.21  for 
C2R, 2.54  for EUL and 6.74 for BL, respectively. 
  
 
Figure6. Thematic map of TSM derived with the Boreal processor with ICOL pre-processing on June 4, 2007 (in mg/l). 
Finnish lakes. Light grey is land and dark grey areas have the Level 2 invalid flag. The tables show the in situ and 
MERIS values at stations. 
 
 
 
Figure7. Thematic maps obtained at Lake Constance with the C2R processor 
5. CONCLUSIONS 
 
The main conclusions that can be extracted from the 
validation campaigns are: 
 
 The best reflectance estimations of the 
processors occur in the green-red MERIS 
spectral bands 
 ICOL pre-processing has a neutral or positive 
effect in the estimation of water leaving 
reflectance, depending on the lake types 
 Very turbid lakes are out of the scope of the 
processor. 
 TSM and Chl-a could be retrieved with an 
acceptable accuracy for low concentrations 
(<10 mg/l for TSM and <10 mg m
-3
 for Chl-
a). However, all processors tend to 
overestimate both variables, to a different 
extent. 
 When comparing the outputs of the three bio-
optical models, no significant lake-specific 
differences in retrieved TSM were observed in 
the dataset. For Chl-a, evident differences 
could be observed. 
 The processors failed to predict CDOM 
absorption in the validation dataset 
 
The recommendations made by the validation group, for 
future developments of the processors, were: 
 
 Increase the ranges and sets of SIOPs used for 
training the neural networks, aiming for a 
wider applicability in highly eutrophic and/or 
turbid lakes. 
 Make use of the unique capabilities of MERIS 
for Cyanobacteria detection, thanks to its band 
6 (620 nm). SIOPs from Cyanobacterias will 
be needed for NN training. 
 Improve the atmospheric correction in the blue 
bands 
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